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Abstract 
Cooling effectiveness is one of the most important factors in evaluating the value of a datacenter.  The datacenter taken 
up in this paper is located in a cold district in Japan. Outdoor air cooling helps us to cut the power consumption for 
cooling. This paper first assesses the efficiency of Ishikari datacenter measuring the temperatures in a building where the 
cooling air flowing. Second, the author will point out the recirculation through vent holes on a ceiling in the server room 
and describe the most efficient method for the operation. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
With the rapid development in information technology in recent years, the energy consumption of datacenters
follows the increasing proportion of total energy consumption in society as a whole [1]. In such a situation, it is 
important to cut the power consumption for cooling servers which is about 50 percent of the total power 
consumption. In normal datacenters, air conditioning systems have to operate year round to treat a large sensible 
heat load. There are many efficient datacenters located in cold areas that use an outdoor air cooling system. This 
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system plays an important role in reducing the processing loads on cooling servers. Many researchers have studied 
on the outdoor air conditioning systems. Hayama et al. gave equations of the cooling characteristics in datacenters to 
assess the performance of different scale of datacenters [2]. And they also proposed the method for estimating the 
energy consumption of air conditioning systems using the relation between the cooling characteristics and energy 
consumption [3]. After those series of studies, Hayama et al discussed about the phenomena called “recirculation” 
[4]. Recirculation means that equipment outlet air goes back to the front of equipment and this problem causes a 
wasteful of fan power. Additionally, there are some vent holes on ceiling in server rooms which have fan shown as 
Figure.1 for preventing the generation of a hot spot over racks. However, recirculation through those vent holes can 
occur when this system used appropriately. If recirculation ratio goes too high, the temperature of equipment inlet 
air goes higher to the point which is dangerous for operating servers. Therefore, it is important to recognize how the 
existence of a vent hole on a ceiling affect recirculation ratio. In this paper, the author will find the relation between 
the opening ratio of vent hole and recirculation ratio firstly. Second, the author will propose the best method for 
designing around the server rooms.   
2. Ishikari Datacenter
2.1. Summary of Facilities 
The datacenter we assessed is located in Ishikari, Hokkaido, Japan. The building’s façade is shown as Figure 2. 
Table .  lists the building specifications, and Figure 3 illustrates a plan of a server room. In this datacenter, outdoor 
air comes into a server room from a wall. Figure  shows a section of the server room. To stabilize the airflow 
volume, every rack has a fan on the surface of their ceiling to provide the necessary amount of cooling air. 
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Table.1. Building specifications 
Fig.2. Building’s facade 
Fig.3. Plan of the server room 
Fig.1. Vent holes on ceiling 
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2.2. Measurements 
2.2.1. Power Consumption 
We measured the power consumption of Ishikari datacenter from May 2012 to May 2013 shown as Figure. 5. 
ICT power consumption is increasing gradually to 6,607(kWh/day) on the last day of measurement. From July to 
October, the power for chiller is going high because the outdoor temperature in Ishikari exceeds 26 (ºC). However, 
in other periods, there is very little power consumption for supply air fan. The ratio of lighting power consumption 
is very low.  From this measurement, we can calculate the annual average of power usage effectiveness as 1.25. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.2. Temperature 
We also measured the temperatures at seven points around a server room from May 2012 to May 2013. Table. 2 
lists the details of the points and Figure. 6 illustrates where those points are located. Figure. 7 shows a boxplot of the 
temperature distribution obtained from the actual measurement.  
We can see that the blowout temperatures are relatively stable. They are within the limit of the ASHRAE (2011) 
recommended temperature range of 18-27(ºC) (Dew Point). However, there is a rise in temperature between supply 
air (T3) and the suction ports of servers (T4). This means that there is some cooling air passing through servers that 
comes back to the front of servers. We call this phenomenon “equipment recirculation”.  Moreover, there is a rise in 
temperature between the equipment outlet air(T5) and exhausted air(T6). This means that there is a large supply of 
cooling air that go back through the vent holes on ceiling shown as fig.1. Some of them have fan to exhaust air but 
the others have no fan. Thus the exhausted air through the holes which have fan (“fan setting holes”) come back to 
Fig.4. Section of the server room 
Fig.5. Power consumption 
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the server room through the holes which have no fan (called just “vent holes”). We call this phenomenon “ceiling 
recirculation”. 
 
 
 
2.3. Recirculation 
 Those two problems above cause a waste of fan power for cooling servers. When ceiling recirculation is happen, 
the difference of pressure between above and under the ceiling will drop. Next, the temperature of equipment outlet 
air is going up and this causes equipment recirculation. Finally, the temperature of equipment inlet air will be too 
high to operate safely. Under such a situation, power usage of supply air fan will be high to control the temperature 
of equipment inlet air. From above we can conclude it is important for a high efficient operation in server room to 
recognize the effect of the vent holes on recirculation and control it.  
3. Performance prediction 
3.1. Analytical Model 
From the measurement of temperature in Ishikari datacenter, we pointed out there might be recirculation around 
server room. To understand how much supplied air return, we made a model for calculating how much air flows in 
the server rooms shown as Figure 8. This shows the section of server room and the way how supplied air flows 
through server racks. First, fresh air from air conditioner flows toward server room through the vent holes on ceiling. 
Then the air goes through servers in a rack and cools them and gets hotter. Next, the hot air exhausted by equipment 
flows through fan setting holes on ceiling and exhausted. The exhausted air returns to the air conditioner. However, 
when the operating state is inappropriate, two recirculation problems will be happened. Using this model, we can 
calculate how those recirculation ratios are changing with the ratio of vent holes.  
 
3.2. Cooling Characteristics 
In order to grasp the air flow around the server room quantitatively, we will simulate how much those 
recirculation ratios are using the analytical model. From the model, we also defined equations for cooling 
characteristics as evaluation index of performance in datacenter as Table. 3. They can tell you the relation between 
those recirculation problems and opening ratio of vent holes. 
 
 
 
Fig.6. Measurement points 
Table.2. Measurement detail 
Fig.7. Temperature distribution 
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3.3. Simulation Program 
To simulate the distribution of supplied air in a server room, we use a program “Fresh” [5]. This program first 
calculates non steady heat load of every part in server room with step by step integration method.  Second, it 
concludes volume of ventilation air through each room with nonlinear simultaneous equation built by New Mark-ȕ 
method. This equation is the balance of forces toward ventilation air in each room such as ventilation resistance, the 
pressure exerted by a wind, buoyant force. This program will do those two calculations one after another in five 
minutes each and then finally give the hourly answers. 
3.4. Results 
We set the initial condition such as the ventilation volume of each fan and the size of rack and vent hole for the 
simulation based on the actual operation in Ishikari shown as Figure. 9. Figure. 10 illustrates the relation between 
opening ratio of vent holes, two recirculation ratios and the power consumption of supply air fan. You easily 
recognize that higher opening ratio makes recirculation ratio get higher. Especially, ceiling recirculation ratio is 
much influenced by opening ratio of vent hole. You can also understand that higher recirculation ratio let the power 
consumption get higher. 
Fig.8. Analytical model 
Table.3. cooling characteristics 
Fig.9. Initial condition 
Fig.10. Recirculation and power  
consumption of supply air fan 
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4. Suggestion of  High Efficient Operation Method 
 Now that we confirmed there is the relation between opening ratio of the vent hole and recirculation ratio, we 
can say the best way to cut the power consumption is to close vent holes. However, in terms of cost, it is not so easy 
to lower the opening ratio. Additionally, there are so many datacenters where the opening ratio of vent hole is high. 
Thus, we will offer a realistic suggestion of high efficient operation in server rooms for each opening ratio of vent 
hole.  To decide the best point of static fan pressure of fan, we will consider the temperature of equipment inlet air. 
It is important to control the temperature of equipment inlet air for a safe operation of servers. Figure.11 illustrates 
the temperature of equipment inlet air, power consumption of supply air fan and ceiling recirculation ratio. The 
temperature range for safer operation of the server we take this paper is 0-42 (ºC), then we can decide the allowable 
static pressure of supply air fan with Figure.10 and 11. In this situation, we can operate servers safely using less than 
10 (W) per one unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Conclusion 
We assessed the cooling characteristics of Ishikari datacentre and suggested the way to reduce power 
consumption for supply air fan. We measured temperatures in datacentre and found two recirculation problems in 
the server rooms and these are related with the opening ratio of vent holes on ceiling.  
Next, we suggested the most efficient operation method for fan. Considering the safe temperature range of 
equipment inlet air, we decided the best point in the static pressure of fan.   
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